The Milne universe is an open Robertson-Walker universe with scale factor being equal to the cosmic time, which is therefore a locally flat spacetime. By analytically continuing the Schwarzschild spacetime, we obtain a generalized Milne space, in which the black hole horizon in the Schwarzschild spacetime turns to be a de Sitter-like horizon in the generalized Milne space. We present a solution of the form of the generalized Milne space in type II supergravity with RR field. Beyond the horizon, the worldvolume becomes spacelike. Therefore the solution could be regarded as a new S-brane solution. In the case of p = 3, making a dimensional reduction on a hyperbolic compact space and a spacelike direction on the worldvolume for the S-brane solution we obtain a flat and eternal accelerating cosmology. Further analytically continuing the generalized Milne solution to the one with imaginary RR charge in type II supergravity (the solution can also be understood as a generalized Milne space with real RR charge in type II* supergravity), we obtain "nonextremal" Ep-brane solutions. The associated thermodynamics of cosmological horizon turns out to be completely dual to that of black hole horizon for the nonextremal Dp-brane solution.
Introduction
In recent years much evidence from astronomical observations has been accumulated that our universe is now in an accelerating expansion [1, 2] . The most recently released data of WMAP satellite have also confirmed not only the current accelerating expansion, but also that our universe indeed underwent an inflationary phase in the very early time [3] . A simple interpretation of deriving the accelerating expansion is the existence of a positive cosmological constant in nature, which results in that our universe would approach to a de Sitter phase in late time. On the other hand, the goal of studying string theory in a time-dependent background is at least two-fold. One is to provide help for developing a theory of quantum gravity independent of backgrounds by investigating string theory in different classes of backgrounds. The other is the hope to provide a cosmology model describing our universe in string theory as a fundamental theory. In particular, one wants to understand the big bang singularity of the standard cosmology model and to construct a successful inflation model in string theory.
Just three years ago, similar to the AdS/CFT correspondence [4] , Strominger [5] argued that there exists a dS/CFT correspondence: quantum gravity on a de Sitter space is dual to a Euclidean conformal field theory residing on the spacelike boundary of the de Sitter space. To test this conjecture, one way is to find a de Sitter solution in string theory (for recent progress in this direction, see for example [6] ).
The Milne universe is an open Robertson-Walker universe, where the scale factor is just equal to the cosmic time. Therefore it is a locally flat spacetime. String theory in the Milne universe has been discussed recently by Russo [7] (also see references therein). In this paper we study a class of time-dependent solution in string theory. By analytically continuing Schwarzschild spacetime, we obtain a class of generalized Milne spaces, there a cosmological horizon is present. The cosmological horizon is dual to the black hole horizon of the Schwarzschild spacetime. In the next section, we first present the generalized Milne space in the vacuum Einstein gravity. In Sec. 3 we obtain the generalized Milne space in type II supergravity in the RR sector. Beyond the cosmological horizon, the worldvolume becomes spacelike, therefore resulting solution can also be viewed as a class of S-brane solutions. In Sec. 4, we can obtain an eternal accelerating cosmology in the case of p = 3 by compacting a spacelike direction on the worldvolume and a 5-dimensional hyperbolic space. Further analytically continuing the generalized Milne space in type II supergravity to the type II* supergravity, in Sec. 5 we find a class of "nonextremal" Ep-brane solution, discuss the thermodynamics of cosmological horizon and the "near horizon" geometry and the dS/CFT correspondence realized on the Ep-brane. We summarize our main conclusions in Sec. 6.
The generalized Milne spaces
We start with an exact solution of vacuum Einstein equations 
The metric (2.2) is nothing but a (2+1)-dimensional Milne universe plus a spacelike dimension. The metric describes a flat spacetime, but not the whole Minkowski space. It covers only a part of Minkowski space. To see this, one may write the 2-dimensional hyperboloid dΣ 2 2 in the Poincare coordinates
Introducing Cartesian coordinates [7] 
The metric (2.2) then can be written as 5) where the hyperboloid is described by 6) which exhibits the SO(1,2) isometry of the hyperbolic surface. The metric (2.5) describes clearly a locally flat spacetime, but it is subject to the constraint UV − x 2 ≥ 0.
(ii) If µ > 0, t and r in (2.1) are timelike and spacelike coordinates, respectively, when r < r c = µ, and they interchange their roles when r > r c . Obviously as in the Schwarzschild metric, r = r c in (2.1) is a horizon. In this case the horizon is a negative constant curvature hypersurface. One can obtain a closed horizon surface by acting on the hyperbolic surface by discrete subgroup of the isometry group SO(1,2) of the hyperboloid. It is easy to see that the cause structure of the solution (2.1) is similar to that of de Sitter space, but here r = 0 is a naked singularity. Therefore, loosely specking, we will refer the horizon to as a de Sitter-like cosmological horizon. Now let us discuss the thermodynamic properties associated with the horizon. As in the case of a black hole horizon, one can analytically continue the solution (2.1) to its Euclidean section by taking t → −iτ , then there will be a conical singularity at r = r c in the Euclidean section unless the Euclidean time τ has a period β = 4πµ. According to quantum field theory at finite temperature, the inverse period of the Euclidean time is just the Hawking temperature T = 1/β associated with the event horizon. Another approach to get the Hawking temperature of the horizon is to calculate the so-called surface gravity on the horizon. One will obtain the same result. The entropy S of the horizon can be easily obtained by using the so-called area formula of horizons [8, 9] 
where G is the 4-dimensional Newton gravitational constant and V 2 is the volume of the 2-dimensional hyperboloid Σ 2 . Next let us calculate the gravitational mass of the solution (2.1). We already see that the solution is asymptotically flat, as the Schwarzschild solution, but the boundary r → ∞ of the solution is a spacelike hypersurface, as the case of de Sitter space. Therefore the ADM approach cannot be used here. We note that the Killing vector ∂/∂t is a timelike one within the horizon r < r c and it becomes spacelike outside the horizon, completely the same as in the de Sitter space. As a result, we may calculate the gravitational mass of the solution (2.1) following the spirit to calculate gravitational mass in asymptotically de Sitter space [10, 11, 12] , in which the conserved charged associated with the Killing vector ∂/∂t is defined as the gravitational mass of an asymptotically de Sitter spacetime. In the case of asymptotically de Sitter space, the gravitational mass is obtained by using the surface counterterm approach [10, 11, 12] . Here we will adopt the background substraction approach [13] to calculate the gravitational mass of the solution (2.1). Consider a boundary at r > r c . In this case, the Killing vector ∂/∂t is spacelike on the boundary, and the reduced manifold is a spacelike one. Similar to the case of a timelike boundary [13] , we can define the gravitational mass as (2.8) where N = (− µ r + 1) 1/2 is the norm of the Killing vector outside the cosmological horizon, K is the extrinsic curvature of the hyperbolic space with radius r > r c , and K 0 is the same as K, but for the background with µ = 0. It follows from (2.8) that the gravitational mass of the solution (2.1) is
Note that the assumption in the definition of gravitational mass M in (2.8) has been made that the boundary at r > r c will be pushed to infinity at the end of calculation, namely r → ∞. With this definition of gravitational mass, we find that the gravitational mass obeys the first law of horizon thermodynamics
And the integration forms is M = 2T S. Their forms are completely the same as those associated with the Schwarzschild black hole horizon. The solution (2.1) can be generalized to a higher dimension with D > 4. In this note the solution and its higher dimensional extensions are referred to as generalized Milne spaces because of the relation to the Milne universe.
3 The generalized Milne spaces in type II supergravity Now we consider a (10-p)-dimensional (0 ≤ p ≤ 6) generalized Milne spaces plus a pdimensional Euclidean space
Clearly this is a solution of 10-dimensional vacuum Einstein equations. Of course this is also a vacuum solution of 10-dimensional supergravity without other fields, except the gravitational field. It is believed that the 11-dimensional supergravity is a low energy limit of expected M theory. We can uplift the solution (3.1) to 11 dimensions by naively adding a spatial dimension dz and obtain a vacuum solution of the 11-dimensional supergravity with a vanishing four-form field
Considering a mixture between the coordinates t and z in the solution (3.2) as follows
where α is a constant with the range 0 ≤ α < π/4 (this constraint comes from the requirement that the new z coordinate is still spacelike), and then making a Kaluza-Klein dimensional reduction along the coordinate z, we obtain a solution of the 10-dimensional IIA supergravity in the string frame 4) where the dilaton field φ has been normalized to zero at r → ∞, and
Further making T-duality on the coordinates x 1 , · · ·, x p , we arrive at 6) where f and H are given by (3.5) and A 01···p is the potential of a (p+2)-form RR field. This is an exact solution of type II supergravity with a single RR field. We can obtain similar related solutions with the NS field and solutions with multiple RR and/or NS fields by using U-duality of superstring theory. The solution (3.6) is quite similar to the nonextremal Dp-brane solution [14] , but it is not the same. The nonextremal Dp-brane solution can be written down as
where dΩ 2 8−p denotes the line element of a (8-p)-dimensional unit sphere and
For the nonextremal Dp-brane there is a black hole horizon at r + = µ 1/(7−p) . The properties of the nonextremal Dp-brane solution have been extensively studied in the literature.
Comparing the solution (3.6) with (3.7), we can see that the solution (3.6) can be obtained from (3.7) by analytical continuation. Some remarks are in order on the solution (3.6).
(i) As the nonextremal Dp-brane solution (3.7), the solution (3.6) is also an exact solution of type II supergravity in the RR sector. The limit µ → 0 and β → ∞ while keeping µ sinh 2 β finite for the solution (3.7) results in the Dp-brane solution, which keeps 1/2 supersymmetries of type II supergravity. However, no such a limit exists for the solution (3.6) . At the moment it is not known whether or not there is a supersymmetric limit in the solution (3.6).
(ii) There are two singularities in the solution (3.6) : one is at r = 0 and the other at r 7−p = µ sin 2 α, respectively. Inspecting the solution (3.6), however, one can see that the solution is meaningful only for the range µ sin 2 α < r 7−p < ∞; otherwise, one has H < 0 and the solution is not real. When µ sin 2 α < r 7−p < r 7−p c = µ, t and r in (3.6) are timelike and spacelike coordinates, respectively; beyond r c , t turns to be a spacelike coordinate and r a timelike coordinate. As the generalized Milne space (2.1), r = r c is a de Sitter-like cosmological horizon and the cause structure of the solution (3.6) is similar to that of de Sitter space, but here r 7−p = µ sin 2 α is a naked singularity. When r → ∞, the asymptotical behavior of the solution is the same as that of (3.1), namely the asymptotical spacetime of the solution is a 10-dimensional generalized Milne space. The solution (3.6) therefore can be regarded as a generalized Milne space in type II supergravity.
(iii) Defining conserved charges as in the case of asymptotically de Sitter spaces [15] , the RR-charge density of the solution (3.6) can be calculated as 9) where G is the 10-dimensional Newton gravitational constant and V 8−p is the volume of the hyperbolic hypersurface Σ 8−p . In order to obtain the gravitational mass, Hawking temperature and entropy associated with the solution (3.6), one has to first rewrite the solution (3.6) in terms of Einstein frame using the relation between Einstein frame and string frame ds 2 E = e −φ/2 ds 2 s , and then makes a dimensional reduction on the coordinates x 1 , · · · , x p , and finally writes down the (10-p)-dimensional solution in Einstein frame
Following the approach discussed in the previous section, we find the Hawking temperature
the gravitational mass density 12) and entropy density 13) respectively. (iv) When r > r c , the solution is time-dependent solution in type II supergravity with RR field, all worldvolume coordinates, t, x 1 , · · ·, x p , becomes spacelike. In this sense, the solution can also be viewed as a new S-brane solution [16] . The new solution (3.6) is different from those S-brane solutions found in [17] . The reason is as follows. On one hand, the worldvolume of S-brane solution (3.6) is not isotropic. On the other hand, in those S-brane solutions in [17] , it has been found that there is an accelerating expansion phase, but it is not possible to provide an enough number of e-foldings for inflation to solve horizon problem and flatness problem in standard cosmology model [18] . However, for our solution, it will be seen soon that it is possible to provide an eternal accelerating cosmology.
Eternal accelerating cosmology
Note that the solution (3.6) is the one with an electric component RR field. One can also obtain a similar solution with a magnetic component RR field: a (8-p)-form field F 8−p = Qǫ 8−p , where ǫ 8−p is the volume element of Σ 8−p . In addition, when r > r c , t and r in the solution (3.6) become a spatial coordinate and a time coordinate, respectively. Thus we can make a dimensional reduction on Σ 8−p and t, and obtain a time-dependent solution in (p+1) dimensions
where we have made the change r → t, and restricted ourselves to the case of p = 3, which is of special interest since we live in three large spatial dimensions. Further, 2) with constraint t 4 > µ. Defining the cosmic time dτ = b −1 dt, where
one can rewrite (4.1) as (4.4) which is nothing but a 4-dimensional flat Robertson-Walker metric. The acceleration of expansion can be calculated asä 5) where the over dot stands for the derivative with respect to τ , and the prime for the derivative with respect to t. It is found that this acceleration is always positive, which results in an eternal accelerating cosmology. In Fig. 1 , we plot the acceleration of expansion versus the time t. In fact, it is easy to see that the solution describes an eternal are taken. In this case, the acceleration diverges at t = 1 and goes to infinity as t → ∞.
accelerating expansion universe by inspecting the late time behavior of the solution (4.1). When t → ∞, one has from (4.1) that
where we have already set the integration constant to zero. Clearly this is a power-law inflationary solution. This late time behavior implies that the F 5 form field in type IIB supergravity does not play a crucial role to provide an accelerating cosmology, instead the compacted hyperbolic space does play the role.
Ep-branes and dS/CFT correspondence
In the solution (3.6), the RR charge density Q ≤ µ, and one cannot take a supersymmetric limit like for the case of Dp-brane solution (3.7) . In this section, we remove this point by analytically continuing this solution (3.6), resulting Ep-brane solution in type II* supergravity, which is obtained by acting a T-duality on the time direction of type II supergravity [19] . In the (3.5) and (3.6), we make the replacement
We then have 2) and the solution (3.6) becomes
Note that here the RR potential A is pure imaginary, resulting in the RR charge is imaginary. If one wants to keep the charge is real, then the kinetic term of the associated RR field has to have a "wrong" sign. This is just the feature of type II* supergravity. Taking the limit µ → 0 and β → ∞ while keeping r 7−p 0 = µ sinh β cosh β finite in the solution (5.3), we have
Note that here t is a spacelike coordinate and r turns to be a time coordinate. This solution is just the Ep-brane solutions in type II* supergravity. In this sense, the solution (5.3) can be regarded as "nonextremal" Ep-brane solution. It might be worth stressing here that the solution (5.3) with an imaginary RR potential is an exact solution of type II supergravity; if one absorbs i to the "wrong" sign of the kinetic term of RR field in type II* supergravity, the solution (5.3) with a real RR potential is then an exact solution of type II* supergravity. In this "nonextremal" Ep-brane solution (5.3), one can see that when r 7−p < r 7−p c = µ (in this case, f > 0), the coordinate t is timelike and the coordinate r spacelike; when r > r c (in this case, f < 0), as the case of the Ep-brane solution (5.4), t and r interchange their roles. Therefore, as in the generalized Milne space, r = r c is a de Sitter-like cosmological horizon.
The gravitational mass density of the "nonextremal" Ep-brane solution (5.3) is 5.5) and charge density
The associated entropy density and Hawking temperature with the horizon are
respectively. It is easy to check that these quantities satisfy the first law of horizon thermodynamics: dM = T dS + ΦdQ, (5.8) where Φ = tanh β is the chemical potential conjugate to the charge density Q. Note that these quantities are completely the same as those [20] of nonextremal Dp-brane solution (3.7) with replacement of V 8−p by Ω 8−p , the volume of a (8-p)-dimensional unit sphere. Another point seems to be worth mentioning that here the gravitational mass (5) is measured at the spacelike infinity r → ∞, which is beyond the cosmological horizon. This mass definition is completely the same as that in asymptotically de Sitter space [10, 11, 12] . Next we turn to the "near horizon" geometry of Ep-brane solution. The limit of the "near horizon" can be simply obtained by removing the "1" in the harmonic function H. In the gravity/gauge field duality, this limit corresponds to the decoupling of gravitational degrees of freedom on the Dp-brans [4] . The geometry of Ep-brane solution (5.4) in this case becomes
This gravity configuration is argued to be dual to the (p+1)-dimensional Euclidean SuperYang-Mills theory [19] . In particular, when p = 3, the configuration reduces to
This is nothing but a 5-dimensional dS 5 times a 5-dimensional negative constant hyperbolic space H 5 : dS 5 × H 5 . For the "nonextremal" case (5.3), in the limit of the "near horizon", we have (5.11) where f = −1 + µ/r 7−p . Note that t and r in (5.9) are a spatial coordinate and a time coordinate, respectively. This is also true in the solution (5.11), but only for r > r c . When r < r c , t and r in (5.11) are a time coordinate and a spatial coordinate, respectively. r = r c is a de Sitter-like cosmological horizon here. In particular, as p = 3, the solution (5.11) reduces to We notice that this is just a 5-dimensional topological de Sitter solution introduced in [11] times a 5-dimensional hyperbolic space with constant radius r 0 . When µ = 0 or r → ∞, this solution goes to (5.10) . For the solution (5.12), we can obtain the gravitational mass by the surface counterterm approach [11] We see that these thermodynamic quantities have relations
Considering the fact that r 4 0 ∼ N, here N is the number of E3-brane through (5.6), we find that the thermodynamic properties of the cosmological horizon of the "nonextremal" E3-brane solution in type II* supergravity can be explained in the sense of statistical mechanics as those [21] of black D3-brane horizon in type II supergravity. For other "nonextremal" Ep-brane solutions, similar conclusions hold as well. The thermodynamics of the de Sitter-like cosmological horizons in type II* supergravity is dual to that of the black hole horizon in type II supergravity.
Conclusions
By analytically continuing a Schwarzschild spacetime, we presented a class of generalized Milne spaces with de-Sitter-like cosmological horizons. The thermodynamics of the deSitter-like cosmological horizon is dual to that of black hole horizon in the Schwarzschild spacetime. We extended the solution to type II supergravity and discussed related properties. In particular, beyond the horizon, the worldvolume becomes spacelike and the solution is time-dependent. It is expected that this is a new S-brane solution. In the case of p = 3, by compacting a five-dimensional hyperbolic space and a spatial dimension on the worldvolume on the S-brane, we obtained an eternal accelerating cosmology; its late time evolution is a power-law inflation solution. Further extending the S-brane solution to type II* supergravity, we got "nonextremal" Ep-brane solutions. In the case of p = 3, the "near horizon" geometry is a five-dimensional topological de Sitter solution times a fivedimensional hyperbolic space with constant radius. Here the de Sitter-like cosmological horizon is a Ricci flat three-dimensional space. The thermodynamics of the cosmological horizon is completely dual to that of black hole horizon in the black D3-brane solution in type II supergravity. Therefore the degrees of freedom associated with the entropy of the five-dimensional topological de Sitter solution can be explained as that of black D3-brane in the sense of statistical mechanics. For the other "nonextremal" Ep-brane solutions, a similar conclusion holds.
